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ABSTRACT
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ally herein. Other embodiments may be described and
claimed.

20 Claims, 7 Drawing Sheets

200 J

US 8,373,490 B2
Page 2
OTHER PUBLICATIONS

Rataj ski, Andre, Written Opinion of the International Preliminary
Examining Authority received from the EPO dated Oct. 18, 2012 for
related appln. No. PCT/USZO l 1/057381, 6 pgs.

Nguyen, Khanh V., Notice of Allowance received from the USPTO
dated Sep. 6, 2012 for related U.S. Appl. No. 12/807,365, l3 pgs.

* Cited by examiner

US. Patent

Feb. 12, 2013

Sheet 1 of7

US 8,373,490 B2

on

08\JF

a

M<E_DO.E

US. Patent

Feb. 12, 2013

Sheet 2 of7

US 8,373,490 B2

(ow
on

mom

02M/

ONNh

02\W

HmmvE3DGE

U.S. Patent

Feb. 12, 2013

Sheet 3 of7

US 8,373,490 B2

M@013-07‘.

US. Patent

OINRMA

Feb. 12, 2013

Sheet 4 of7

US 8,373,490 B2

US. Patent

Feb. 12, 2013

Sheet 5 of7

US 8,373,490 B2

MmmDOE

US. Patent

Feb. 12, 2013

Sheet 7 of7

US 8,373,490 B2

US 8,373,490 B2
1

2

METHOD, SYSTEM, AND APPARATUS FOR

further distort the frequency signal 20B content or compo
nents When a DC bias signal is applied to the signal 20B.
FIG. 1B is a block diagram of a signal processing system
10B according to various embodiments. As shoWn in FIG. 1B,
the system 10B includes a summer 12, an operational ampli

RF AND DC SWITCHING
TECHNICAL FIELD

?er (OP-AMP) module 14A, resistors 16A, 16B, 16C, and
16D, a capacitor 18, a frequency signal generator module 30,

Various embodiments described herein relate generally to
switching, including systems, and methods used in audio to

and a controllable module 40A. The frequency signal genera
tor module 30 may generate signals including various fre
quencies from audio to radio frequency (RF). A summer
module 12 may combine the bias signal 20A With the fre
quency signal 20B. The op-amp module 14A may amplify the
combined signal 13A. The resistors 16A, 16B and capacitor

radio frequency (RF) switching.
BACKGROUND INFORMATION

It may be desirable to pass signals having a range of fre

quency content including audio, radio, mid, and baseband
frequencies, the present invention provides a system, method,

18 form a ?lter to attenuate components of the ampli?ed,

combined signal 13A.

and apparatus for same.

The controllable module 40A may process the signal 20B
based on the ?ltered, ampli?ed, combined signal 13C. The
module 40A processed signal 20C may be read across resistor

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram of a signal processing system
according to various embodiments.
FIG. 1B is a block diagram of another signal processing
system according to various embodiments.
FIG. 1C is a block diagram of another signal processing
system according to various embodiments.
FIG. 1D is a block diagram of another signal processing
system according to various embodiments.
FIG. 2A is a block diagram of a signal processing system
according to various embodiments.
FIG. 2B is a block diagram of another signal processing
system according to various embodiments.
FIG. 2C is a block diagram of a segment of a signal pro

20

16D. In an embodiment the resistors 16A and 16B may be
about 10 K ohms, the resistors 16C and 16D may be about 50

ohms, and the capacitor may be about 1.5 pF. While the
summer module 12 and op-amp 14A module may introduce a

delay and or gain, the circuit module formed by the resistors
25

16A, 16B and capacitor 18 may modify the delay and gain for
optimal performance over frequency. The system 10B may
enable the signal 20B to be processed by the controllable
module 40A With little distortion to loWer frequency or DC

components of the signal 20B.
30

FIG. 1C is a block diagram of a signal processing system
10C according to various embodiments. As shoWn in FIG. 1C,
the system 10C includes a summer 12, an operational ampli

?er (OP-AMP) module 14A, resistors 16A, 16B, 16C, and

cessing system according to various embodiments.

16D, a capacitor 18, a frequency signal generator module 30,

FIG. 3A is a block diagram of a summing apparatus
according to various embodiments.
FIG. 3B is a block diagram of another summing apparatus
according to various embodiments.
FIG. 3C is a block diagram of another summing apparatus
according to various embodiments.

and a controllable module 40B. In an embodiment the con
35

trollable module 40B includes N-CMOS transistor 42A. The

40

transistor 42A source (S) is coupled to the signal generator
module 30 to receive the signal 20B. The transistor 42A gate
(G) is coupled to the resistor 16A, 16B, capacitor 18 circuit
module to receive the ?ltered, ampli?ed, combined bias sig
nal 13C. The transistor 42A drain (D) is coupled to the resistor

16D to provide the processed frequency signal 20C.

DETAILED DESCRIPTION

The transistor 42A may modulate or sWitch the signal 20B

FIG. 1A is a block diagram of a signal processing system
10A according to various embodiments. As shoWn in FIG.
1A, the system 10A includes a an operational ampli?er (OP

received on its source as a function of the ?ltered, ampli?ed,
45

combined signal 13C received on the gate as understood by
one skilled in the art. The module 40B processed signal 20C

AMP) module 14A, resistors 16A, 16C, and 16D, frequency

may be read across resistor 16D. In an embodiment the resis

signal generator module 30, and a controllable module 40A.

tors 16A and 16B may be about 10 K ohms, the resistors 16C
and 16D may be about 50 ohms, and the capacitor may be
about 1.5 pF. The system 10C may enable the signal 20B to be

The frequency signal generator module 30 may generate sig
nals including various frequencies from audio to radio fre
quency (RF). The combination of the op-amp 14A and resis
tor 16A may amplify the control or bias signal 20A. The
controllable module 40A may process the signal 20B based
on the ampli?ed bias signal 20A. The module 40A processed

50

processed by transistor 42A With little distortion to loWer
frequency or DC components of the signal 20B.
FIG. 1D is a block diagram ofa signal processing system
10D according to various embodiments. As shoWn in FIG.

55

ampli?er (OP-AMP) module 14A, resistors 16A, 16B, 16C,

signal 20C may be read across resistor 16D.

In an embodiment, the signal processing module 40A may

1D, the system 10D includes a summer 12, an operational

include one or more controllable elements (such as a n-type

16D, 16E, and 16F, a capacitor 18, a frequency signal gen

complementary metal-oXide-semiconductor N-CMOS tran
sistor shoWn in FIG. 1C, tWo N-CMOS transistors shoWn in

erator module 30, and a controllable module 40C. In an

FIG. 1D, or a plurality of N-CMOS transistors shoWn in

FIGS. 2B and 2C).Various controllable elements may include
a capacitive effect, Which may distort a signal 20B including
loWer frequency components. In an embodiment, the fre
quency signal 20B may be distorted by the module 40A
elements (42A in FIG. 1C) as a function of the bias signal 20A

60

and the frequency content of the frequency signal 20B applied

65

to the module 40A. Further, a direct current (DC) bias may
also be applied to the signal 20B. The module 40A may

embodiment the controllable module 40C includes tWo,
stacked N-CMOS transistor 42A, 42B. A N-CMOS transistor
42A voltage conduction level may be limited, in an embodi
ment to about 3 volts. The module 40C may include multiple
transistors 42A, 42B to increase the poWer or voltage han
dling limit of the system 10D. In an embodiment the system
10D may be able to process signals 20D having a voltage level
of about 6 volts.
The transistor 42B source (S) may be coupled to the signal
generator module 30 to receive the signal 20B. The transistor

US 8,373,490 B2
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42A and 42B gates (G) may be coupled to the resistor 16A,
16B, capacitor 18 circuit module via the resistors 16E, 16F
respectfully to receive the ?ltered, ampli?ed, combined bias
signal 13C. The transistor 42B drain (D) may be coupled to
the transistor 42A source to communicate the frequency sig
nal 20C. The transistor 42A drain (D) may be coupled to the

ment the ohm value of resistor 16B is tWice the ohm value of
resistor 16A. The system 10E, 10F may reduce current leak

resistor 16D to provide the processed frequency signal 20C.

coupled to the signal generator module 30 to receive the
signal 20B. Transistor 42A through 42E gates (G) may be
coupled to the resistors 16A, 16B circuit module to receive
the ampli?ed, combined bias signals 13D, 13E. The transistor
42B, 42C, 42D, 42E drain (D) may be coupled to the transis
tor 42A, 42A, 42B, 42C, 42D source, respectively to commu
nicate the frequency signal 20B. The transistor 42E drain (D)
may be coupled to the summer 12B to provide the processed

age across the transistors 42A, 42B, 42C, 42D, 42E and
equaliZe the voltage division across the transistors 42A, 42B,

42C, 42D, 42E.
In the embodiment a transistor 42A source (S) may be

The transistors 42A, 42B may modulate or sWitch the
signal 20B received on its source, directly or indirectly as a

function of the ?ltered, ampli?ed, combined signal 13C
received on their respective gates as understood by one skilled

in the art. The module 40B processed signal 20C may be read
across resistor 16D. In an embodiment the resistors 16A and

16B may be about 10 K ohms, the resistors 16C 16D, 16E, and
16F may be about 50 ohms, and the capacitor may be about
1.5 pF. The system 10D may enable a higher voltage signal
20B to be processed by transistors 42A, 42B With little dis
tortion to loWer frequency or DC components of the signal

frequency signal 20C.
The transistors 42A, 42B, 42C, 42D, 42E of module 40E
may modulate or sWitch the signal 20B received on its source,
directly or indirectly as a function of the ampli?ed, combined

signals 13D, 13E received on their respective gates as under

20B.

FIG. 2A is a block diagram of a signal processing system
10E according to various embodiments.As shoWn in FIG. 2A,

20

stood by one skilled in the art. In an embodiment the resistors
16A may be about 10 K ohms and resistors 16B may be about

the system 10E includes a summer 12A, a summer 12B, an

20 K ohms. The system 10D may enable a high voltage signal

operational ampli?er (OP-AMP) module 14A, an operational
ampli?er (OP-AMP) module 14B, a frequency signal genera

20B to be processed by transistors 42A, 42B, 42C, 42D, 42E

tor module 30, and a controllable module 40D. The frequency

With little distortion to loWer frequency or DC components of
25

signal generator module 30 may generate signals including
various frequencies from baseband to radio frequency (RE).
The summer module 12A may combine the bias signal 20A

With the frequency signal 20B. The op-amp module 14A may
amplify the combined signal 13A to provide an ampli?ed,
combined signal 13D to the controllable module 40D. The
summer module 12B may combine the bias signal 20A With
a processed frequency signal 20C. The op-amp module 14B
may amplify the combined signal 13F to provide an ampli
?ed, combined signal 13E to the controllable module 40D.
The controllable module 40D may process the signal 20B
based on both the ampli?ed, combined signal 13D and the
ampli?ed, combined signal 13E to generate a processed fre
quency signal 20C. The signals 13D, 13E provide a balanced
bias or control signal to the module 40D. The system 10E may

30

35

that may be employed in a system 10E, 10F of FIG. 2A, 2B
respectively according to various embodiments. As shoWn in
FIG. 2C the module 40F may include multiple transistors
42A, 42B, 42C, 42D, 42E, 42F coupled to a resistor circuit
module. The resistor circuit module includes resistors 16A

40

enable the signal 20B to be processed by the controllable

of a plurality of transistors increases the poWer or voltage
handling limit of the controllable module 40F. In an embodi
ment, the controllable module 40F may be able to process

signals 20B having a voltage level of about (3 times the
number of transistors) volts.
In an embodiment the ampli?ed, combined signals 13D,

components of the signal 20B.
45

the system 10F includes a summer 12A, a summer 12B, an

operational ampli?er (OP-AMP) module 14A, an operational
ampli?er (OP-AMP) module 14B, a frequency signal genera

13E may be evenly distributed to the gates of the group of
transistors 42A, 42B, 42C, 42D, 42E via the resistors 16A
circuit module 17. The resistor circuit module 17 includes
taps betWeen the drain and source of each adjacent pair of
transistors 42A, 42B, 42C, 42D, 42E. The controllable mod

tor module 30, and a controllable module 40E. The frequency

signal generator module 30 may generate signals including

13D, 13E provide a balanced bias or control signal to the
module 40E.
FIG. 2C is a block diagram ofa controllable module 40F

that equally couple signals 13D and 13E to the gates of the
transistors 42A, 42B, 42C, 42D, 42E, 42F. As above, the use

module 40D With little distortion to loWer frequency or DC

FIG. 2B is a block diagram of a signal processing system
10F according to various embodiments. As shoWn in FIG. 2B,

the signal 20B. Accordingly, the controllable module 40E
may process the signal 20B based on both the ampli?ed,
combined signal 13D and the ampli?ed, combined signal 13E
to generate a processed frequency signal 20C. The signals

50

ule 40F may reduce current leakage across the transistors

various frequencies from audio to radio frequency (RE). The

42A, 42B, 42C, 42D, 42E and equaliZe the voltage division

summer module 12A may combine the bias signal 20A With

across the transistors 42A, 42B, 42C, 42D, 42E.

the frequency signal 20B. The op-amp module 14A may
amplify the combined signal 13A to provide an ampli?ed,
combined signal 13D to the controllable module 40E. The

signal 20B. Transistor 42A through 42F gates (G) may be

In the embodiment a transistor 42A source (S) receive the
55

summer module 12B may combine the bias signal 20A With

a processed frequency signal 20C. The op-amp module 14B
may amplify the combined signal 13F to provide an ampli
?ed, combined signal 13E to the controllable module 40E.
The module 40E may include multiple transistors 42A,
42B, 42C, 42D, 42E to increase the poWer or voltage handling
limit of the system 10D. In an embodiment the system 10D
may be able to process signals 20B having a voltage level of
about (3 times the number of transistors) volts. In an embodi
ment the ampli?ed, combined signals 13D, 13E may be
evenly distributed to the gates of the group of transistors 42A,
42B, 42C, 42D, 42E via the resistors 16A, 16B. In an embodi

60

coupled to the resistors 16A of the circuit module 17 to

receive the ampli?ed, combined bias signals 13D, 13E. The
transistor 42B, 42C, 42D, 42E, 42F drain (D) may be coupled
to the transistor 42A, 42A, 42B, 42C, 42D, 42F source,
respectively to communicate the frequency signal 20B. The
transistor 42F drain (D) may provide the processed frequency
signal 20C.
The transistors 42A, 42B, 42C, 42D, 42E 42E of module
40F may modulate or sWitch the signal 20B received on its
source, directly or indirectly as a function of the ampli?ed,

65

combined signals 13D, 13E received on their respective gates
as understood by one skilled in the art. In an embodiment the

resistors 16A may be about 10 K. The controllable module

US 8,373,490 B2
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40F may enable a high voltage signal 20B to be processed by
transistors 42A, 42B, 42C, 42D, 42E, 42F With little distor

cover any and all adaptations or variations of various embodi

ments. Combinations of the above embodiments, and other
embodiments not speci?cally described herein, Will be appar
ent to those of skill in the art upon revieWing the above

tion to lower frequency or DC components of the signal 20B.
Accordingly, the controllable module 40F may process the
signal 20B based on both the ampli?ed, combined signal 13D
and the ampli?ed, combined signal 13E to generate a pro

description.
The Abstract of the Disclosure is provided to comply With
37 CPR. §l .72(b), requiring an abstract that Will alloW the
reader to quickly ascertain the nature of the technical disclo

cessed frequency signal 20C.
In an embodiment the systems 10B to 10F may be
employed as a sWitch to control or limit the passage of the

sure. It is submitted With the understanding that it Will not be
used to interpret or limit the scope or meaning of the claims.

frequency signal 20B except during desired time intervals.

In the foregoing Detailed Description, various features are
grouped together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is not

The systems 10B to 10F may be employed in an RF transmit
ter to insert a desired frequency signal 20B in one or more

communication slots. Due to the reduction of capacitance of
the system 10B to 10F, the guard time required to insert a
desired signal in a desired time slot may be reduced.

to be interpreted to require more features than are expressly
recited in each claim. Rather, inventive subject matter may be
found in less than all features of a single disclosed embodi
ment. Thus the folloWing claims are hereby incorporated into
the Detailed Description, With each claim standing on its oWn

FIG. 3A to 3C are block diagram of summer modules 12C,

12D, 12E, respectfully that may be employed in a system 10B
to 10F according to various embodiments. Summer module
12C shoWn in FIG. 3A includes resistors 16F, 16G, and op
amps 14C, 14D. A ?rst signal 20A and a second signal 13B
are summed via resistors 16F and then ampli?ed via op-amps

as a separate embodiment.
20

14C, 14D. The gain of the input signals 20A, 13B to the
output signal 13A is equal to the ratio of the resistor 16G to the
resistor 16F (their ohm values). In an embodiment resistors
16F ohm value is similar to the resistor 16G ohm value.
The summing module 12D of FIG. 3B is similar to the
summing module 12C of FIG. 3A. The summing module 12D
further includes an additional resistor 16H and capacitor 18

25

circuit module on the input 20A of the op-amp 14C. Such a

con?guration may delay the response of the summing module

30

12D. The summing module 12E of FIG. 3C is also similar to
12E of FIG. 3C further includes a resistor 16F and capacitor
18 circuit module on the output 13A. The summing module

2. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 1, further including a
35

?rst ampli?er for amplifying the ?rst bias signal and the

40

controllable signal processing module receiving the ?rst sig
nal, the ampli?ed ?rst bias signal, and the second bias signal
and generating the second signal from the ?rst signal based
the combination of the ampli?ed ?rst bias signal and the
second bias signal.

tems 10B to 10F based on the desired response of the systems
10B to 10F.

In an embodiment the op-amps 14A, 14B, 14C, 14D may
include a balanced set of N-type and P-type CMOS transis
tors as described on co-pending and commonly assigned US.

patent application Ser. No. l2/807,365 entitled “Ampli?ers
and Related Biasing Methods and Devices”, ?led Sep. 1,
2010, Attorney Docket PER-040, Which is hereby incorpo
rated by reference.

3. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 2, further including a

second ampli?er for amplifying the second bias signal and the
45

embodiments illustrated are described in su?icient detail to

enable those skilled in the art to practice the teachings dis
closed herein. Other embodiments may be utiliZed and
derived there-from, such that structural and logical substitu
tions and changes may be made Without departing from the
scope of this disclosure. This Detailed Description, therefore,

50

is not to be taken in a limiting sense, and the scope of various

55

of the ?rst bias signal and the second bias signal received at
the gate, the ?rst signal received on the source, and the second

With the full range of equivalents to Which such claims are
entitled.
Such embodiments of the inventive subject matter may be
60

invention or inventive concept, if more than one is in fact

disclosed. Thus, although speci?c embodiments have been
illustrated and described herein, any arrangement calculated

4. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 1, the controllable signal
processing module including a CMOS transistor, the transis
tor including a gate, source, and a drain and the combination

embodiments is de?ned only by the appended claims, along

to achieve the same purpose may be substituted for the spe
ci?c embodiments shoWn. This disclosure is intended to

controllable signal processing module receiving the ?rst sig
nal, the ampli?ed ?rst bias signal, and the ampli?ed second
bias signal and generating the second signal from the ?rst
signal based the combination of the ampli?ed ?rst bias signal
and the ampli?ed second bias signal.

The accompanying draWings that form a part hereof shoW,
by Way of illustration and not of limitation, speci?c embodi
ments in Which the subject matter may be practiced. The

referred to herein individually or collectively by the term
“invention” merely for convenience and Without intending to
voluntarily limit the scope of this application to any single

a controllable signal processing module, the module
receiving the ?rst signal, the ?rst bias signal, and the
secondbias signal and generating the second signal from
the ?rst signal based the combination of the ?rst bias
signal and the second bias signal, the controllable signal

processing module including a capacitive effect.

the summing module 12C of FIG. 3A. The summing module
12E of FIG. 3C may overshoot the input signals 20A, 13B.
Summing modules 12C, 12D, 12E may be employed in sys

What is claimed is:
1. An apparatus for generating a second signal from a ?rst
signal based on a bias signal, including:
a ?rst summing module for summing the bias signal to the
?rst signal to generate a ?rst bias signal;
a second summing module for summing the bias signal to
the second signal to generate a second bias signal; and

65

signal generated on the drain.
5. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 1, the ?rst signal
including an RF component.
6. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 5, the ?rst signal further
including a baseband component.
7. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 5, the ?rst signal further
including a DC component.
8. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 1, the controllable signal
processing module including a plurality of CMOS transistors,

US 8,373,490 B2
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the secondbias signal, the controllable signal processing

each transistor including a gate, source, and a drain and the

module including a capacitive effect.

combination of the ?rst bias signal and the second bias signal

14. The method for generating a second signal from a ?rst
signal based on a bias signal of claim 13, further including

received at the gate of each transistor.
9. The apparatus for generating a second signal from a ?rst
signal based on a bias signal of claim 1, the controllable signal

amplifying the ?rst bias signal and at controllable signal

processing module receiving the ?rst signal, the ampli?ed

processing module including a plurality of CMOS transistors,

?rst bias signal, and the second bias signal and generating the
second signal from the ?rst signal based the combination of
the ampli?ed ?rst bias signal and the second bias signal.

each transistor including a gate, source, and a drain and the

combination of the ?rst bias signal and the second bias signal
approximately equally received at the gate of each transistor.
10. The apparatus for generating a second signal from a
?rst signal based on a bias signal of claim 3, Wherein the
apparatus is an RF sWitch and the controllable signal process
ing modulates the ?rst signal to generate the second signal
based on the combination of the ampli?ed ?rst bias signal and

15. The method for generating a second signal from a ?rst
signal based on a bias signal of claim 14, further amplifying
the second bias signal and at the controllable signal process

ing module receiving the ?rst signal, the ampli?ed ?rst bias
signal, and the ampli?ed second bias signal and generating
the second signal from the ?rst signal based the combination
of the ampli?ed ?rst bias signal and the ampli?ed second bias

the ampli?ed second bias signal.

signal.

11. The apparatus for generating a second signal from a
?rst signal based on a bias signal of claim 1, the controllable

signal processing module including a plurality of CMOS
transistors and a plurality of resistors, each transistor includ
ing a gate, source, and a drain and the combination of the ?rst
bias signal and the second bias signal received at the gate of
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receiving the combination of the ?rst bias signal and the
second bias signal at the gate, the ?rst signal received on the
source, and the second signal generated on the drain.

each transistor via at least one resistor.

12. The apparatus for generating a second signal from a
?rst signal based on a bias signal of claim 1, the controllable
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signal processing module including a plurality of CMOS
transistors and a plurality of resistors, each transistor includ
ing a gate, source, and a drain and the combination of the ?rst

bias signal and the second bias signal approximately equally
received at the gate of each transistor via at least one resistor.
13. An method for generating a second signal from a ?rst
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signal based on a bias signal, including:
summing the bias signal to the ?rst signal to generate a ?rst

bias signal;
summing the bias signal to the second signal to generate a
second bias signal; and
at a controllable signal processing module receiving the
?rst signal, the ?rst bias signal, and the second bias

signal and generating the second signal from the ?rst
signal based the combination of the ?rst bias signal and

16. The method for generating a second signal from a ?rst
signal based on a bias signal of claim 13, Wherein the con
trollable signal processing module includes a CMOS transis
tor, the transistor including a gate, source, and a drain and
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17. The method for generating a second signal from a ?rst
signal based on a bias signal of claim 13, the ?rst signal
including an RF component.
18. The method for generating a second signal from a ?rst
signal based on a bias signal of claim 17, the ?rst signal
further including a baseband component.
19. The method for generating a second signal from a ?rst
signal based on a bias signal of claim 17, the ?rst signal
further including a DC component.
20. The method for generating a second signal from a ?rst
signal based on a bias signal of claim 13, the controllable

signal processing including a plurality of CMOS transistors,
each transistor including a gate, source, and a drain and

receiving the combination of the ?rst bias signal and the
second bias signal at the gate of each transistor.
*

*

*

*

*

